The purpose of this study was to validate the accuracy of determining left ventricular (LV) volumes by echocardiography in infants and children. Thirty-one patients between the ages of two months and 15 years underwent left ventriculography (biplane antero-posterior and lateral cine). Ventricular volumes using an ellipsoidal model were calculated for end diastole from the cineangiograms. There was a strong correlation (r = 0.856) between the echographic minor dimension (Be) (table 1) . The ultrasonic examinations were obtained using a Hoffrel ultrasonoscope (Model 101 and 704 EKG slow sweep module). The transducers* included a 5.0 MHz, a 3.5 MHz, and a 2.25 MHz transducer focused at 5 cm. Each had an active crystal diameter of '%6 inch and outer diameter of 1/4 inch.
The purpose of this study was to validate the accuracy of determining left ventricular (LV) volumes by echocardiography in infants and children. Thirty-one patients between the ages of two months and 15 years underwent left ventriculography (biplane antero-posterior and lateral cine). Ventricular volumes using an ellipsoidal model were calculated for end diastole from the cineangiograms. There was a strong correlation (r = 0.856) between the echographic minor dimension (Be) and the minor lateral cine dimension (Bc) at end diastole. A similar correlation (r = 0.889) existed between the LV volume in end diastole measured by cineangiography and Be. The correlation coefficient between the echo minor dimension and the lateral minor cine dimension in end systole was 0.753.
A relation between ejection fraction (EF) and the echo minor dimension measurements in end diastole and end systole was formulated, which permitted estimation of the EF from the echo measurements. As a result of this study, it was concluded that the LV minor dimension can be measured reliably by echocardiography in children and from these measurements LV volumes, ejection fraction, and hence, stroke volume can be estimated. With the patient in a supine position, the transducer was positioned along the left sternal border in the third to fifth intercostal space until a strong anterior mitral valve echo was recorded. From the mitral position, the transducer was rotated so that prominent endocardial echoes from the free wall of the left ventricle were recorded as well as identifiable echoes from the left ventricular septum. If the septal echoes were indistinct, placing the patient in a slight left lateral decubitis position was helpful. In order to obtain the true lateral minor dimension of the LV cavity perpendicular to the major axis, as well as to standardize the recording technique from patient to patient, the left ventricle was scanned inferiorly and superiorly along its major axis with the transducer until echoes corresponding to the structures found at position 1 Abbreviations: Bed = lateral minor axis dimension in end-diastole; Bes = lateral minor axis dimension in end-systole; AI = aortic insufficiency; ASD = atrial septal defect; band = pulmonary artery band; coarct. = coarctation of the thoracic aorta; MI = mitral insufficiency; PDA = patent ductus arteriosus; PH = pulmonary hypertension; PS = pulmonic stenosis; Shtunt = Waterstoni anastomosis; TOF = tetralogy of Fallot; VSD = ventricular septal defect; C-TGA = corrected transposition of the great arteries; A-V = arterio-venous.
systole (Bs) (fig. IB). Several investigators6 have observed
antero-posterior (AP) and lateral projections at 60 frames from angiographic studies of canine left ventricular dimenper second. Left ventricular volumes were calculated by sions that the minor axis dimension may actually increase assuming an ellipsoidal configuration, using the major during early isovolumic contraction. In our patients the dimension measured directly from the AP view and the bulging of the minor dimension during isovolumic contracminor dimensions from both the AP and lateral projections: tion was manifested echographically by a posterior moveVolume = 7rABB,/6 ( fig. 2) . Only cardiac cycles free of ment of the endocardium, which coincided with the R wave arrhythmia were used for calculations. The values obtained of the electrocardiogram. In order to avoid a spuriously from both the lateral and antero-posterior projections were large echo minor dimension, which would affect the escorrected for magnification. timated ventricular volume, the end-diastolic measurement on the echogram was taken at the onset of the Q wave of the Results ECG rather than the R wave.
The patients were premedicated with droperidol and dimension was strong (r = 0.856) and the regression formula from these data was: Be = 1.08Bc-0.71 ( fig. 3 figure 7 along with the confidence interval for the mean (narrow band) and the prediction interval for a future observation (wider interval). *17-19 *A regression equation can be used to predict the value for an individual future observation of the same population, i.e., an observation not included in the regression calculations. The 95% confidence interval is an interval such that the probability the interval will encompass the true mean of the population at a given X value is 95%.18 The 95% prediction interval is an interval such that the probability the interval will encompass any future observation at a given X value is 95%.19 (X being the echo dimension). Becho -cm Figure 7 Be -cm. Figure 6 Comparison of echographic measurements and angiographic volumes in end-diastole including data points from two studies in adults (solid triangles -Pombo,2 open circles-Fortuin,3 and X's -present study). Solid line is curvilinear regression line derived from data. r = multiple correlation coeffiient.
Discussion
The left ventricular volume estimated from the echo dimension (Be) using the linear regression equation LVEDV = 27.7Be -42.2 correlated well with the volumes calculated from biplane cineangiograms over a range of 2-5 cm. However, for values of Be greater than 5 cm, the predicted volumes were less than those estimated from the angiograms. Conversely, the regression equation used in adult patients1-3 worked well for measurements of Be between [5] [6] [7] [8] Although there was good correlation between the measured echo dimensions and volume determined by cineangiogram, variation of the left ventricular volume from patient to patient was reflected in the 95% prediction interval (the wider interval in figure  7) . The variation in volumes may result from the variability of the ratio of the major and minor dimensions to the lateral minor dimension. The minor dimension on the AP projection of the angiogram in our patients averaged 12% larger than the minor dimension on the lateral projection ( fig. 8, left panel) . 15, 16 Therefore, a mathematical relation for ejection fraction using only the echo measurements in end diastole and end systole was derived (see appendix). In adults, the extent of shortening in the major axis during ejection is about 20%. In our patients, the extent of shortening amounted to only 6%. Thus the mathematical relation for varying degrees of shortening in the major axis is demonstrated in figure 9 . Good agreement between the equation and the ejection fraction calculated by independent observers2 3 from angiograms was demonstrated by the data in figure 9 and supports the use of the equation to determine ejection fraction echographically over a range of 4-8 cm. 
